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APPARATUS THEREFOR , 

(57) Abstract. 

PURPOSE: To improve resolution by forming a projection 
optical system of an optical system having a reflection 
type lens, and fully filling entirety or part of an 
optical path of the projection system included between a 
surface of a board and the projection system with medium 
having 1 or more of specific refractive index to the air 
in the wavelength of a light 

CONSTITUTION: A beam 12 generated from a KrF 
excimer laser 11 is emitted to a mask 3 via a beam 
shaping optical system 13 and an illumination optical 
system 2. A light passing through the mask 3 is exposed 
on a board 5 via a reflection type contraction 
projection lens 7. The lens .7 is a Schwarzschild type 
optical system having a numerical aperture of 0.3 to 
focus the mask 3 on the board 5. The entire system from 
the irradiating side of the illumination system to the 
board via the mask is installed in a liquid vessel 14, 
and water is fully filled in the vessel to fill the 
water in the opticai path. Then, a pattern is 
transferred to a positive resist film coating' the Si 
board by using a projection exposure apparatus to form a 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated 



CLAIMS 



[Claim(s)] 

[Claim 1] In the method of forming a pattern on the above-mentioned substrate by irradiating at a mask the light 
which emitted the light source through lighting optical system, and carrying out image formation of the pattern on th 
above-mentioned mask to up to a substrate by the projection optical system The pattern, formation method 
characterized by filling with a medium with the bigger rate of specific refraction to the air in the wavelength of the 
above-mentioned light than 1 the whole optical path or a part of the above-mentioned projection optical system whic 
constitutes the above-mentioned projection optical system with the optical system containing a reflected type lens 
and includes between the above-mentioned substrate and the above-mentioned projection optical systems at least ' 
IClaim 2] It is the pattern formation method that the above-mentioned medium is a liquid in a claim 1 • 
[Claim 3] It is the pattern formation method that the wavelength of the above-mentioned light is 150-250nm in a 
claim 2. . 

[Claim 4] In the aligner used in case a pattern is formed on the above-mentioned substrate by irradiating at a mask th 
light which emitted the light source through lighting optical system, and carrying out image formation of the pattern 
on the above-mentioned mask to up to a substrate by the projection optical system The projection aligner 
Characterized by filling with a medium with the bigger rate of specific refraction to the air in the wavelength of the 
above-mentioned light than 1 the whole optical path or a part of the above-mentioned projection optical system whic] 
constitutes the above-mentioned projection optical system with the optical system containing a reflected type lens 
and includes between the above-mentioned substrate and the above-mentioned projection optical systems 
[C aim 5] The projection aligner which prepares a transparent septum between the above-mentioned projection 
optical system and the aforementioned substrate, and divides the above-mentioned medium into an optical-system an, 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description Of the Invention] 
[0001] 



[Industrial Application] this invention relates to the pattern formation method for forming thcdetailed pattern of 
various solid-state components, and the projection aligner used for this. e aetanea pattern ot . . 

[0002] 

[Description of the Prior Art] In order to improve the degree of integration and working speeds of a solid-state " 
component, such as LSI, detailed-ization of a circuit pattern is progressing. The reduction projection expo ng methoc 

100031 The^T S T r0d r tl0 r n if tUre / nd defmiti0n abiHty iS Widely USed f° r such P attem Nation no^ § 
[0003] The optical system of the reduction projection exposing method is typically shown in drawing 2 ( b) The lieht 

which . emitted the effective light source 1 on a secondary surface of light source is^irradiateS b?K_ik 3 Sough 

the lighting optical system 2, and image formation of the light diffracted with the pattern on a mask 3 is carried oSon 

a substrate 5 with the reduction projection lens 4. What a reduction projection lens usually becomes fronX 

ZcZT£At* Cted ,CnS " USed - S j nCe the reSOlUtiDn Hmit ° f ««• method is PropoSonal "exposure 
wavelength and it is m inverse proportion to the numerical aperture (NA) of a projection lens, improvement in the 

np i^ hlmt been Panned by a raise in NA, and short wavelength-ization. ConventionX ^64 megabit 
DRAM, the circuit size became smaller than the wavelength of light, and exposure light has reached ti\e Phvskal 
ut h d° U8h 8 (WaVelen8th ° f 436nm) ° f 3 hi S h -P— -rcury lamp a^d i line 

Sc^vJZf rSing h (0il immerSi ° n) "!e th u diS leamed 38 3 method of on the other hand increasing efficiency-NA 
of optical system such as a microscope. By being filled up with the liquid (an oil usually being used) which has Sb 

uStL r tlt^r ndeX n tha ; ^ betWe T thC n ° Se ° f Cam ° f 3 lenS ' a " d a sam P le ' this ^olse wav^m of 
fo examnl fhe S r ™/S! I £* , ? on - T c he a PP«cation to the optical lithography of this method is discus ed 

^H° n ?? er hant !' ^ eth ° d USing refleCted ^ Projection optical systems, such as a step and a scanning 
Zy^^K geS : alt ,° f the P r °j ection a,i g" er for 0 P^al lithographies is examined. It is not based 1 on 8 
wavelength but this optical system is a maximum of 0.7. To NA with a big grade, realization is made possible and it i, 

chS ma rr g V fUtUrC f gner : By meth ° d ' aIthOUgh a refracted 4e optical element su'edinpart " 

SSmS^? eXP ° Sed ^ a POSSible hatChet ' f ° r eXamDle > ^ comparatively 

wavelength field of 245-253nm of a xenon mercury lamp. For this reason, stabilization of wavelength is not needed 

PreCiSC ^ WaV6length SpeCtnim like the cxdnJSS.^"^- 
h e m ^ refract, ° n ^ °P tlcal s y stem » a "d the multiplex interference effect and the standing wave effect 
SSrJS S : ^° re ° Ver ' 11 18 the P ractical bi § feat™ that exposure area is also large. g 
0006] The optical system of a step and a scanning method is discussed by the 14th page from the 12th page fa 
technical-information association, Tokyo, 1991) of resist material process technology. P 8 ( 

rProblem(s) to be Solved by the Invention] By the way, refracted type objective lenses, such as a microscope used bv 

up with the liquid of a predetermined refractive index between a lens nose of cam and a sample The same of hi, 
■ Ration is said of the case of the lens for projection exposure, and it is necessary to d^JX ^prolectiTlel taline 
with immersion .specially as an exclusive lens with a design which is completely «>nven tionally^Snt from a Tens 

^2^0? h ? U1 d r St0rati ^ fl ? d 6 & Portion) between the noseof cZ o 

conventional-type refractive lenses other than for immersion and a substrate (or sample) was temoorarilv filled ,,„ 
J'* l h f d t ° f a .-fractive index n. In this case, although wavelength is set to l/nin effic teZZ^^t the 

c^Lf. tf T °H n "J?" 8 "°/ e ° f Cam may decrease accordin 8 to » SneB-'s law, the optical path'of .beam of ifght 
changes hke the dashed line of drawing (b), and efficiency-NA decreases. For ihis reason, SsSution do« not 8 
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necessarily improve. And there was a problem that it was very difficult to reconcile with big NA peculiar to an 
immersion lens the latus exposure area demanded in the lens for steppers. 

[0008] It is desirable to shorten exposure wavelength as much as possible on the other hand, in order to improve the 
resolution of optical lithography further. However, both the exposing method by conventional-type dioptric system 
and the reflected type projection exposing method had the problem that an ArF excimer laser (wavelength of 193nre 
will become the limitation of practical short-wavelength-izing from the limitation of the permeability of an optical 
material. 

[0009] It is to offer the pattern formation method which can be improved to a limit in the resolution of the projectiot 
exposing method, the purpose of this invention acquiring the improvement effect in resolution equivalent to having 
shori-wavelength-ized in efficiency simple, and securing a latus exposure field without changing greatly the 
composition and optical system of an aligner of a conventional type. 
[0010] 

[Means for Solving the Problem] In the method of forming a pattern on the above-mentioned substrate by this 
invention's irradiating at a mask the light which emitted the light source through lighting optical system, and carryin, 
out.image formation of the pattern on the above-mentioned mask to up to a substrate by the projection optical systen 
in order to attain the above-mentioned purpose The optical system containing a reflected type lens constitutes the 
above-mentioned projection optical system, and the whole optical path or a part of the above-mentioned projection 
optical system which includes between the above-mentioned substrate and the above-mentioned projection optical 
systems at least is filled with a medium with the bigger rate of specific refraction to the air in the wavelength of the 
above-mentioned light than 1. 
[0011] 

[Function] It considers changing the refractive index of the medium which fills the whole optical path of the catoptri. 
system shown in drawing 2 (a). Drawing! (a) transposes the refracted type reduction projection lens 4 in drawing 2 
(b) to the reflected type reduction projection lens 7. In drawing 2 (a), the solid. line and the dotted line showed 
respectively the optical path of a beam of light when the refractive index of a medium is small, and the optical path o 
the beam of light in the case of being large. The optical path in catoptric system is decided only by the shape of 
surface type of a reflective lens according to the law of reflection, and is not based on the refractive index of a 
medium. Therefore, even if it changes the refractive index of a medium, the geometrical optics-property of optical 
system, such as numerical aperture, does not change at all. Oh the other hand, if the matter of the rate n of specific 
refraction to a vacuum is used as a medium, wavelength will be set to 1/n in efficiency. Consequently, an effect eqUa! 
to only wavelength having become short substantially is acquired, in addition - although perfect catoptric system wa 
assumed and explained by drawing 2 (a) since it was easy ~ partial - dioptric system - business - a potato is good 
[0012] Moreover, a medium is 1.2, in order that it may be desirable for the refractive index to exposure wavelength t< 
be large as much as possible and it may acquire sufficient resolution effect. It is desirable that it is above. Moreover, i 
is substantially transparent to exposure wavelength, and it is desirable not to have a bad influence on an optical 
element and a resist. Specifically, organic solvents, such as water or alcohol, and a straight chain hydrocarbon, 
silicone resin, the liquid that dissolved the inorganic compound or the organic compound in these further, the various 
liquids currently conventionally used in an immersion microscope, the immersion method of determination of index 
of refraction, etc. can be used. 

[0013] In addition, since there is a possibility of having a bad influence on the image formation property of optical 

system when a refractive index changes with fluctuation of the temperature of a medium, density, etc. in optical 

system, as for these temperature etc., controlling carefully is desirable. Since a substrate is especially scanned to 

optical system with scanning optical system, it is desirable to take care so that an image formation property may not 

change with the flows of a medium. 

[0014] 

[Example] 

(Example 1) The reflected type projection aligner by one example of this invention is shown in drawing 1 . The laser 
beam 12 generated from the KrF excimer laser 11 is irradiated at a mask 3 through the beam plastic surgery optical 
system 13 and the lighting optical system 2. The light which passed the mask exposes a substrate 5 through the 
reflected type reduction projection lens 7. A reflected type reducing glass is numerical aperture 0.3. It is fur coat 
RUTSUSHURUDO type optical system, and image formation of the mask 3 is carried out on a substrate 5 However 
the optical system in drawing is typical strictly, and is not what showed the composition of actual optical system 
faithfully. Here, the whole optical system from a lighting optical system's injection side to a substrate through a mask 
was installed in the interior of a liquid container 14, and into the liquid container, water was filled and it was filled ud 
with the optical path with water. v 
[0015] Next, it is 0.35micromL/S as a result of imprinting the pattern of various sizes using a projection aligner on the 
positive-resist film (PMMA, 1 micrometer of thickness) applied on Si substrate. The pattern has been formed For 
:ompanson, when water was removed from optical system and having been exposed in air, the resolution limit 
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retreated to 0.5 micrometers - 

S^rTe "ofm^r^^ " ^ ^ of «■* — > -d a projection lens and 

was shown in t^x^l^reS;^^^ i l be am ^ sk P attem size > are not limited to wfia 
instead of an excimer laser ZSlTr^ a high-pressure mercury lamp and a xenon mercury lamp" < 
etc. may be used Whi e ^S^^^^T^ " W ^ ^ 2 P erfl ^oalkyl polyethe 

not affected at all. Moreov^^ the sensitization property of a resist waj 

a chemistry multiplier system rS, etc ma, be uST ™ * ^ ™* * SUitable n ° V ° lak system P^tive resis 

fTneSe^ 

surgery optical sysfem and lighting opM ^^^^^ilf^T * 3 beam P la * tic 

through the scanned type catoptric system 2 L Scanned S^S ^ 8 h PaSSed the mask ex P oses substrate 

scan type optical system, and SSti«ST^ 8yStan 18 numerical a P erture 0.7. It is a step an, 
system in drawing is typ fcS sSfy anoTs not 52T,S?h * ' OUt °" a substrate 5 - However, the optical 

the field 22 shown wiuVth s as" S d^aw L b S5£S^ fl JT P °! ,,l r ° f ^ ° PtiCal SyStCm faithf ' n y- Here 
water. m drawing m the optical path of a projection optical system was filled up with , 

P Se N S P/ern of various sizes using a projection aligner on th 

resolution limit is (U5 nnc^n^^^^^^^ S ^^- The P atte ™ M been formed- The 
comparison. It retreats and is a book removed from optical system and it exposed in air for 

In addition, to the S SSS « a pattern improved. 

[0020] (Example 4) In the projection ES ort , ^ ? u lnsertlon > 11 amended beforehand, 
and 33 were formed betweeTopSst ^ Cand th^h^ , ' 38 ^ « Uartz P"^ P' a ^ 32 

system side liquid container 3?S,TthSSte T W2S divided into the ^al- 

scan or step feed to the optical system of a mbTtra^TtZ? Fu ? h *™<*C it was made to perform the 

liquid flow near the subsu-ate was ^ V^Z "?^ _^ n01C S "° Strate Slde container 35. Thereby, since the 

^ p 2 p m ed Lv ,he di r nsional ^^iCw£^ efcof '* ,i ' eWH «' 

SLJe catres^S lying the C< — W-H- >o an example 1, the same mechanism a.so as a 

[0022] 

Sol oTtS above-mentioned substrate by carrying out image 

the optical system containing ^rS^^^^^T^S^ aCCOrdin S to this ™«*>i while 

path or a part of projection optical system ffiSSi«ta^- ° P v" SyStem By filHng the whoIe °P tica l 

a medium with the bigger rate of sSSS^? i ^ ^ faCe and P">j«*°n optical systems with 
resolution equivalent to^aving^ho^ 1 Improvement in 

the composition and optical system J^^^^^S^t^ * With ° Ut chan ^ S reat] y 

lithography, im prove, a bJ 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing U Explanatory drawing of the principle of this invention 
'{J£U0Dfc21 Explanatory drawing of the aligner by one example of this invention, 
jemwingjy Exp anatory drawing of the aligner by the second example of this invention 

S„a 5 ExbSr H raWing 1 k 6 3 ! igner by the Mrd 6Xam P Ie ° f this invention" 

2 [ - A substrate, 7 / - A reflected type reduction projection lens, 1 1 / - An excimer laser 12/ A i« M k~ , a 
- Beam plasuc surgery optical system, 14 / - Liquid container. ] ;1 Lighting [JST^- A. mask 5 ' ' 
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